Abstract. This paper employed matched data for the first time to estimate firms' exchange rate elasticity of export and analyze how total factor productivity (TFP) affect firms' exchange rate elasticity of export. Using highly disaggregated matched data from Chinese transaction-level trade data and firm-level production data from 2000 to 2006, we construct firm-level real effective exchange rate (REER) and TFP. We find that when the firms' TFP is at the mean level, the exchange rate elasticity of export is -0.093. Furthermore, when the TFP increases one standard deviation, the exchange rate elasticity of export is -0.062. The results indicate that the high-performance firms are less sensitive to react to an appreciation of exchange rate. When we divided the firms into five groups by firm's productivity percentiles, or when we use labor productivity to replace the TFP, the results remain robust.
Introduction
The study on exchange rate and trade in international economics has for a long time focused on the exchange rate elasticity of export, in some classic economic models, the exchange rate elasticity of export is a crucial factor to affect the benefit of trade [1, 2, 3] . However, most of studies are not accurate because they used aggregate data, which assume all the firms are the same and they face the same exchange rate volatility. At first, country-level time series data is widely used in this field [4, 5, 6 ] ; Then from 1990s, more and more industry-level data was used [7, 8, 9 ] ; In recent years, more and more firm-level data was used due to the development of firm heterogeneity theory and accessibility of micro-data [10, 11 ] . But there is very little evidence that links exchange rate elasticity to Chinese firm-level data.
The past three decades have seen a rapid increase in china's trade with the world, china has become the biggest exporter in the world, and export is very significant to China's economic development, it is important to estimate the exchange rate elasticity of export accurately for Chinese firms and the government. In this paper, we first calculate the firm-level real effective exchange rate (REER) with a rich disaggregate Chinese data, then focus on how RMB exchange rate volatility affect the export of firms, we also analyzes the heterogeneous reaction of exporters with different total factor productivity (TFP). Our key finding is that, at one hand, exchange rate elasticity of export is-0.093 when take the average of firms' TFP, which means when the firm-level exchange rate increase 10%, the export sales of the firm will decrease 0.93%; At the other hand, when the TFP of the exporter increase one standard deviation, the exchange rate elasticity of export down to -0.062. When we divided the firms into five groups according to the TFP percentiles, the exchange rate elasticity of firms with the highest 20% FTP is -0.060, which is 0.094 lower than the firms with the lowest 20% FTP. When we use the Labor Productivity (value added per worker) to replace the TFP, the results are still robust.
Data and model
In this paper, we rely on the following two disaggregated, large panel data sets: firm-level production data, and product-level trade data. Firm-Level production data are collected and maintained by China's National Bureau of Statistics (NBS) in an annual survey of manufacturing enterprises, the 3rd International Conference on Science and Social Research (ICSSR 2014) data set covers two types of manufacturing firms, all state-owned enterprises (SOEs) and non-SOEs whose annual sales exceed RMB 5 million and contains more than 100 variables, we filter this data set following [12, 13] . We need the variable fixed assets in this paper, unfortunately, firm-level production data don't contain it, so we estimate this variable according to 1 (1 )*
K , K t is gross fixed assets, I is investment, and δ is depreciation rate of fixed assets.
The disaggregated product-level trade transaction data from 2000 to 2006 are obtained from China's General Administration of Customs. It records a variety of information of all the exporters in china, including trading price, quantity, trade partner, address, phone number, zip and value at the HS eight-digit level.
Although both the data have firm codes, the coding system in each data set is completely different. Hence, the firm code cannot serve as a unique variable to match the two data sets. To overcome this difficulty, we following [12, 14] . First, we match the two data by using the firm's Chinese name, that is, if a firm has an exact Chinese name in both data set, it should be the same firm. To increase the qualified matching number of firms to as many as possible, we then match the two data by using the firm's telephone number and zip. After merging both product-level trade data and firm-level production data, I finally obtain the matched firms, as described carefully in table 1.From Table 1 we can see that the merged firms from 16136 in 2000 to 47346 in 2006 when we match the two data set by using the firm's Chinese name; and the merged firms increase to 19755 in 2000 to 49624 in 2006 when we match the two data sets using the two methods at the same time. Notes: Column (1) reports number of observations of HS eight-digit monthly transaction-level trade data from China's General Administration of Customs by year. Column (2) reports number of firms covered in the transaction-level trade data by year. Column (3) reports number of firms covered in the firm-level production dataset compiled by China's National Bureau of Statistics without any filter and cleaning. By contrast, Column (4) presents number of firms covered in the firm-level production dataset with careful filter. Accordingly, Column (5) reports number of matched firms using exactly identical company's names in both trade dataset and filtered production dataset. Column (6) reports number of matched firms using exactly identical zip code and phone numbers in both trade dataset and filtered production dataset. Column (7) reports number of matched firms using exactly identical company's names and exactly identical zip code and phone numbers in both trade dataset and filtered production dataset.
After filtering these data, we estimate the firm's TFP use Olley-Pakes (OP) method, which is a standard method in the economics references, this approach assumes that investment is more actively responsive to unobserved productivity, and consider that the firms with low productivity will exit, it is capable of controlling for the possible simultaneity bias and selection bias caused by regular ordinary least squares (OLS) estimates.
The most important variable in our paper is REER, we calculate it following [15] , which is shown in equation (1):
E kt is nominal exchange rate of country k at year t, which means one RMB can exchange E kt units country c's currency, E k0 is nominal exchange rate of country k at base period, CPIct is China's consumer price index in year t, and CPI kt is country c's consumer price index in year t, w ikt is the weight which equals to firm i's export value to country k in year t divided by firm i's total export value in year t. When REER increasing, that means RMB is appreciating, otherwise, RMB is depreciating. All the exchange rate data we use is come from International Financial Statistics and CPI data is come from World Bank's world development index (WDI). Table 2 is the statistical description of the relevant variables, using highly disaggregated matched data from Chinese transaction-level trade data and firm-level production data from 2000 to 2006. Table 2 shows that, in the sample year, the log of firm's export value mean is 13.74, the log of firm-level real effective exchange rate mean is 4.63, the log of firm-level Olley-Pakes total factor productivity mean is 1.32, the log of firm-level Labor Productivity is 3.87. We also show the standard deviations, minimum values, median values and the maximum values of the relevant variables This paper employed the econometric method proposed in [15, 16] to analyze how total factor productivity (TFP) affects Chinese firms' exchange rate elasticity of export. The econometric model we use in this paper is in the form of equation (2): (2), EXPit is Chinese firm i's export value at year t; REER it is firm i's real effective exchange rate in year t; TFP it is total factor productivity of firm i at year t, which is estimated by OP approach. i μ is the unobserved firm characteristics, it is not changed over time; t ψ is the unobserved variables that is changed over time; α is the intercept item; it ξ is the residual item. Due to the interaction item, we can derivate both sides by REER to get: the exchange rate elasticity of export= 
Empirical results and analysis
This paper used Ordinary Least Square (OLS), Random Effect (RE) and the Fixed Effect (FE) methods to estimate the results. In order to know how total factor productivity (TFP) affects firms' exchange rate elasticity of export, we first calculated the exchange rate elasticity of export when the firms' TFP is at the mean level. Then we estimated how the exchange rate elasticity of export changed when the TFP increases one standard deviation. Table 3 shows that when the firms' TFP is at the mean level, the exchange rate elasticity of export is -0.269 under OLS method, is -0.124 under RE method, is -0.093 under FE method. When the TFP increases one standard deviation, the exchange rate elasticity of export is -0.224 under OLS, is -0.091 under RE, is -0.062 under FE. The results indicate that the high-performance firms are less sensitive to react to an appreciation of exchange rate. Notes: The value in the brackets are the robust standard errors of the estimators. The symbol "*** , **,*" indicates significance at the 1%, 5%, 10% levels respectively.
To ensure the robustness of the results, Table 4 shows the exchange rate elasticity of export by firms with different productivities. We ordered the firms by their TFP from big to small, divided the firms into five groups according to the TFP percentiles. The benchmark group is the firms with the lowest 20% (the productivity ranking is below 80%) FTP, its exchange rate elasticity is -0.154. Top80% TFP * LnREER is the firms with the productivity ranking between 60% and 80%, its exchange rate elasticity is 0.031 lower than the baseline group. Top60% TFP * LnREER is the firms with the productivity ranking between 40% and 60%, its exchange rate elasticity is 0.057 lower than the baseline group. Top40% TFP * LnREER is the firms with the productivity ranking between 20% and 40%, its exchange rate elasticity is 0.079 lower than the baseline group. Top20% TFP * LnREER is the firms with the highest 20% FTP, its exchange rate elasticity is -0.060 (=-0.154+0.094), which is 0.094 lower than the baseline group. Notes: The value in the brackets are the robust standard errors of the estimators. The symbol "*** , **,*" indicates significance at the 1%, 5%, 10% levels respectively. This paper also use the Labor Productivity (value added per worker) to replace the TFP following [16, 17] for the robustness of results. Table 5 shows that when the firms' Labor Productivity is at the mean level, the exchange rate elasticity of export is-0.292 under OLS method, is -0.168 under RE method, is -0.145 under FE method. When the Labor Productivity increases one standard deviation, the exchange rate elasticity of export is -0.288 under OLS, is -0.160 under RE, is-0.133 under FE. The results also indicate that the high-performance firms are less sensitive to react to an appreciation of exchange rate. Notes: The value in the brackets are the robust standard errors of the estimators. The symbol "*** , **,*" indicates significance at the 1%, 5%, 10% levels respectively.
Conclusions
Using two disaggregated large panel data sets, firm-level production data and product-level trade data, we constructed the firm-level REER and the firm-level TFP with OP approach, and then estimated how TFP affect firms' exchange rate elasticity of export. We find that the firm-level REER is significantly different between firms due to their different combination of export destination. In particular, the appreciation of RMB does have negative effects on firm's export, but the firm's high productivity can significantly increase firm's ability to withstand the exchange rate movements, this conclusion is consistent with Belgium following [16] . As one of the troika of economic growth, export is vital to GDP and employment in China. We are reluctant to see the negative impact of the appreciation of RMB exchange rate on export, but we cannot control the outside shocks, then increase the firm's own productivity should be the optimal choice to resist shocks. This paper emphasizes how the firm's productivity affects the exchange rate elasticity of export, and finds that the improvement of firm's productivity can indeed against the exchange rate shocks, and the higher the firm's productivity, the stronger the firm's ability to resist shocks.
